The following Supporting Information is available for this article:
Fig. S1
Distinct separation between diploid and high-order polyploid Fragaria, with stomatal length as an example. 
Methods S1 Additional details of Materials and Methods

Common garden soil
Newport beds used a mixture of equal parts beach sand and Bandon fine sandy loam, a low clay content (5-15%) soil derived from the sandy alluvium of coastal marine terraces. Corvallis beds used Chehalis silt clay loam, a richer soil characterized by higher clay content (typically 35-45%). Bend beds used Lundgren ashy sandy loam, a soil characterized by high volcanic ash, glass, and pumice content.
Common garden weather data
We obtained daily data of temperature and rainfall for the three common gardens from different sources: Newport data from the Hatfield Marine Science Center (http://weather.hmsc.oregonstate.edu/weather/weatherproject/archive/), Corvallis and Bend data from AgriMet (https://www.usbr.gov/pn/agrimet/webagdayread.html). We then calculated the monthly mean temperature, monthly rainfall and monthly growing degree days (i.e. the cumulative heat above 10°C) for each garden location, during the course of the field experiment from October 2015 to mid July 2016.
Measurements of leaf functional traits
We collected the largest, fully expanded leaf from each experimental plant in selected beds in each garden. The leaves were scanned using a CanoScan LiDE 220 (Canon, Melville, NY, USA) with an antiglare styrene sheet. We used ImageJ v1.51a (Schneider et al., 2012) to measure leaf area (LA) and the central leaflet width (CLW).
The seven leaf functional traits included: specific leaf area (SLA), which measures the light-capturing leaf area per unit investment of dry mass (Poorter et al., 2009) ; leaf nitrogen content (N mass ), which influences photosynthetic potential (Wright et al., 2004) ; stomatal length (SL) and stomatal density (SD) that regulate plant CO 2 intake and water transpiration (Hetherington & Woodward, 2003) ; minor vein density (VLA) that reflects hydraulic conductance (Sack & Scoffoni, 2013) ; trichome density (TD), which can protect plants against water loss (Ehleringer & Björkman, 1978; Sletvold & Ågren, 2012) ; and carbon isotope discrimination (Δ 13 C) that indicates plant intrinsic water use efficiency (Farquhar & Richards, 1984) .
We obtained four leaf punches (each of 6 mm in diameter) from the middle portion of the central leaflet of the collected trifoliate leaf each sample, avoiding the midvein. Two leaf punches were used for measuring stomatal density and stomatal length of the abaxial and adaxial sides; one leaf punch was for measuring SLA; and one was for measuring trichome density and then vein density. When the central leaflet was not large enough for all trait measurements, we obtained two leaf punches from the central leaflet for stomatal density and stomatal length measurements, and one leaf punch from each of the two lateral leaflets for SLA, and trichome density and vein density, respectively.
For SLA estimation, one leaf punch per sample was stored in 96-well microplates (Thermo Fisher Scientific, Hampton, NH, USA), and dried at 65°C for 24 h. Leaf punches were then weighed using a Cahn C-35 microbalance (Thermo Fisher Scientific; with precision of 0.0001 mg). SLA was calculated using the known punch area divided by punch weight.
For stomatal measurements, we used a vinyl polysiloxane impression method to obtain the abaxial and adaxial stomata from leaf punches. First, we mixed the vinyl polysiloxane impression material (Patterson Dental, Pittsburgh, PA, USA) of the base and catalyst, and put the mixture onto a microscope slide. Two punches per sample were placed immediately onto the mixture, one for each side of the leaf. We placed another microscope slide on the top, and pressed slightly and held two slides together using binder clips. After the mixture dried (c. 15 min), the top slide and leaf punches were removed from the mixture using forceps to obtain permanent leaf impression. We applied clear nail polish to the impression and peeled off the impression using clear tapes, and placed it onto a new microscope slide for measuring stomatal density and stomatal length. The abaxial and adaxial stomata were counted using a Leica DM500 microscope (Leica Microsystems, Wetzlar, Germany) under 400× (10 × 40) magnification. Specifically, we counted the total number of stomata within two randomly selected fields of view (FOV) for each side. Stomatal density was calculated as the average number of stomata within a FOV divided by the area of the FOV. We took images of the abaxial and adaxial stomata, and measured the guard cell lengths of up to five stomata of each side and obtained the average stomatal length. As most Fragaria plants only produce stomata on the abaxial side, we only reported abaxial stomatal density and stomatal length.
For trichome density estimation, one leaf punch per sample was stored in 70% ethanol.
We counted the number of trichomes on both sides of a leaf punch under a dissecting microscope. If there were no more than 50 trichomes on one side, we counted all the trichomes. If there were >50 trichomes on one side, we counted trichomes within two randomly selected areas (each area = 1.5 mm × 1.5 mm) of a leaf punch. We summed the abaxial and adaxial trichome density for calculating TD. Leaf punches were then returned to 70% ethanol for subsequent vein density measurement.
Vein density here is defined as the total lengths of minor veins per unit leaf area. We only focused on minor veins, as they account for >80% of the total veins of a leaf and are key to leaf hydraulic capacity and photosynthesis (Sack & Scoffoni, 2013) . We followed the protocol of Quantifying Leaf Vein Traits (http://prometheuswiki.org/tikiindex.php?page=Quantifying+leaf+vein+traits), using leaf punches stored in 70% ethanol. We took leaf vein images using a Leica DM500 microscope under 40× magnification, and used
ImageJ to record the total lengths of minor veins within a 1 mm × 1 mm area.
The remaining leaf tissue after four leaf punches being taken was dried at 65°C for 48 h, and sent to the Cornell Isotope Laboratory for carbon isotope composition (δ 13 C) and N mass analysis using a Thermo Delta V isotope ratio mass spectrometer and a NC2500 elemental analyzer. Carbon isotope discrimination (Δ 13 C) was calculated using the following formula (Farquhar & Richards, 1984) :
, ‰, where δ 13 C air equals -8‰.
Plastid phylogeny
The chloroplast nucleotide supermatrix (with 64645 characters), composed of the diploid and polyploid Fragaria taxa in this study (except F. chiloensis ssp. chiloensis) and three other diploid
Fragaria taxa, as well as the outgroup Dasiphora fruticosa ssp. floribunda (Fig. S4 ), was kindly provided by M.S. Dillenberger (Oregon State University). We performed phylogenetic inference using the maximum likelihood (ML) method with the GTR+Γ model in RAxML v.8.0.26 (Stamatakis, 2014) . Confidence in node support was determined with 1000 bootstrapping replicates.
Phylogenetic general linear mixed models (PLMMs)
PLMMs were performed to validate our use of nested random effects in LMMs (i.e. populations nested in taxa and taxa in ploidy levels, ploidy/taxon/population; see main text) to control for evolutionary dependence among populations and taxa. Here we used the bifurcating, plastid tree ( Fig. S4 ) for fitting PLMMs, due to the difficulty of accounting for reticulate evolutionary histories among diploid and polyploid taxa ( Fig. 1 ) in PLMMs. Owing to the lack of F. chiloensis ssp. chiloensis in the plastid tree, we assumed that it had the same evolutionary history as F.
chiloensis ssp. pacifica. We conducted PLMMs using the R package MCMCglmm (Hadfield, 2010) , with one functional trait (stomatal length, Fig. S5 ) and the composite fitness ( Fig. S6 ) as examples.
To evaluate how diploids and polyploids differ in stomatal length, similar to the LMM fitted using restricted maximum likelihood (REML) with the package lme4 (Bates et al., 2015) (see main text; Fig. S5 , Model 1), we first fitted the same LMM using the Bayesian method with MCMCglmm ( Fig. S5 , Model 2), where the random effects included ploidy/taxon/population.
Then for PLMMs, we fitted two models that differed from the LMMs (Model 1 and Model 2) only in random effects: one PLMM model considered only phylogenetic covariance among taxa (random effects = phylo; Fig. S5 , Model 4); one PLMM model considered both populations nested in taxa and phylogenetic covariance among taxa (random effects = taxon/population + phylo; Fig. S5 , Model 3). We performed the same four types of models for modeling fitness (Fig.   S6 ).
To fit MCMCglmm models, we used default priors for predictors (fixed effects) and uninformative priors (V = 1, nu = 0.02) for all random effects and residual variance. Models were run with 200000 total MCMC iterations (burin of 100000, and thinning of 100), and convergence was checked graphically. For Bayesian model comparisons based on the deviance information criterion (DIC), we used the package MuMIn (Bartoń, 2017) . Least-squares means of predictors in MCMCglmm models were estimated using the package lsmeans (Lenth, 2016) .
For both the functional trait ( Fig. S5 ) and composite fitness (Fig. S6 ), LMM Model 2 (the Bayesian version of Model 1) with nested random effects outperformed PLMM Model 4 that only considered phylogenetic relatedness among taxa, but performed as well as PLMM Model 3 that considered both populations nested in taxa and phylogenetic relatedness among taxa.
Fig. S1
Distinct separation between diploid and high-order polyploid Fragaria, with stomatal length (SL) as an example. The least-squares mean of SL and 1 SEM are plotted. Significant differences are only observed between diploids (2n = 2x) and high-order polyploids (2n ≥ 6x). The response variable (SL) was power transformed to improve normality in a general linear mixed model, where the fixed effects included central leaflet width + climatic niche distance + garden + ploidy + ploidy:garden + ploidy:climatic niche distance, and the nested random effects included ploidy/taxon/population. Owing to the distinct separation between diploids and highorder polyploids, and the dominance of the 8x taxa and genotypes (Table S1 ; also smaller SEM relative to the 6x and 10x here), we defined ploidy level broadly as diploid or polyploid in the main text and all downstream analyses. High-order polyploids Diploids This phylogeny reflects only the evolutionary histories of the plastid genome, but not the reticulate histories of the nuclear genome among diploid (2n = 2x) and polyploid (2n ≥ 6x) taxa ( Fig. 1 ) that are difficult to be incorporated into general linear mixed models for controlling for evolutionary dependence among taxa. This phylogeny included the diploid and polyploid Fragaria in this study (black), and those not (grey). Numbers associated with branches are ML bootstrap support values (%) from 1000 replicates. v i r g i n i a n a . p l a t y p e t a l a v i r g i n i a n a . v i r g i n i a n a c h i l o e n s i s .
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Fig. S8 Similar scales of three fitness components.
Genotypic median values of survival rate (median = 1), growth (i.e. plant size since transplanting; median = 0.64 dm 2 ) and asexual reproduction (i.e. stolon dry mass; 0.56 g), together with the 25th and 75th percentiles, are marked by the boxes. The whiskers mark the range of the 10th and 90th percentiles. Non-parametric Kendall rank correlation coefficient (r) was estimated using the R package psych (Revelle, 2017) . Functional trait mean was genotypic trait value averaged across all garden environments. 
Non-parametric Kendall rank correlation coefficient (r) was estimated using the R package psych (Revelle, 2017) . Functional trait mean was genotypic trait value averaged across all garden environments. Missing r values were due to few data for carbon isotope discrimination and nitrogen content in some taxa. 
